Introduction
Convulsive status epilepticus (CSE), the most common neurological emergency in childhood is associated with a substantial morbidity [1] . Data regarding precise incidence of CSE in children is obscure because it is derived from studies that either combined adult and children or included other types of status epilepticus (SE) [2] . Population based studies done in California [3] and Richmond [4] have suggested that ethnicity is an important determinant of CSE where non-white population had two-three fold increase in incidence of CSE. Amongst children, highest incidence of CSE is reported in children below 2 years of age, possibly due to high propensity for acute symptomatic causes of the immature brain [5] . Few studies on epidemiology of CSE have suggested an association between limited medical services, trauma during birth and infections with higher incidence of epilepsy in children from developing countries [6, 7] .
The distribution of etiology for status epilepticus is age dependent in children; febrile or acute symptomatic cause is most common in younger children below 2 years of age; whereas remote symptomatic causes predominate in children above 2 years of age [1, 8] . Past history of seizures and neurological insult was more common in children with SE aged above 2 years than those below 2 years [1, 8] . Mortality with CSE is higher in children below 2 years of age vastly accounted for high prevalence of acute symptomatic etiology [9] . Moreover, non-convulsive SE is also associated with increased mortality than CSE [10] . The sequel of CSE (motor deficits, behavioral problems) reported in children above 3 years of age is mere 6%; a sharp contrast to the 30% reported in children under 3 years of age [9] . However, most of this data is from developed countries and in epidemiological studies that included other types of SE also.
In more than 61% of the children, SE is terminated in 60 min after administration of first or second line anti-epileptic drugs (AEDs), in the remaining cases SE is refractory to AEDs, aptly named refractory status epilepticus (RSE) [10] . Ethnicity, seizure Methods: Retrospective analysis of data of 73 children with CSE, aged !2 and 12 years was performed. Odds ratios were calculated between variables for clinical course and outcome. Mortality of the group was analyzed using survival analysis.
Results: Thirty three (45.2%) children progressed to refractory status epilepticus (RSE). The most common etiology for CSE was acute symptomatic in 44 (60.3%) of which 37 had presumed CNS infections. The odds of progressing to RSE were higher in children with acute symptomatic etiology (OR 2.62; CI -95%; 0.99-7.14; p = 0.041). Progression to RSE increased the chances of severe sepsis by six times (OR 6.08; CI -95%; 1.19-31.02; p = 0.036) and acidosis by nearly 15 times (OR 14.77; CI -95%; 1.19-31.02; p = 0.020). Overall mortality was 13.7%, higher in RSE (21.2% vs.7.5%). Amongst the 63 surviving children followed for 1 year from discharge, progression to RSE increased the odds of disability by seven times (OR 7.08; CI 29.31; p = 0.004). Conclusion: Acute symptomatic etiology was the commonest cause of CSE among older children from developing country and increased the odds of progressing to RSE. RSE was significantly associated with disability at 1 year from discharge.
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frequency, AEDs previously used, family history have previously been associated with RSE in studies done in western population that included all types of SE in children [10] . The same study has also reported significantly higher mortality in children with RSE when compared to aborted SE. Etiology of SE [11] and delay in management may influence outcome [12] . Very little is known about the outcome of children with refractory CSE in developing countries. The purpose of this study was to evaluate the etiology, clinical course and short term outcome of refractory CSE in older children.
Materials and methods
Retrospective analysis of data of children aged !2 and 12 years with CSE admitted between May 2011 and January 2014 at Krishna Institute of Medical Sciences and Rainbow Hospital for women and children, both tertiary care referral centers at Hyderabad in South India was performed. The study was approved after review by the Institutional Ethics Committee. Children with complex partial SE, absence SE, simple partial SE, myoclonic SE, psychogenic SE, non-convulsive SE and febrile SE were excluded for data analysis. The information about age, gender, duration of SE, associated co-morbidities, past history of epilepsy and/or SE was obtained. Etiology of SE was classified as acute symptomatic, remote symptomatic (including those with acute precipitant), those with pre-existing epilepsy and cryptogenic (cause undetermined) [13] . Acute symptomatic group included patients with central nervous system (CNS) inflammatory disease (meningitis, presumed encephalitis, tuberculosis, and neurocysticercosis), acute cerebrovascular disease (childhood stroke).
Definitions
Status Epilepticus was defined as seizures lasting for more than 5 min or recurrent epileptic activity over a period of more than 5 min without regain of pre-existing level of consciousness [14] . Refractory SE (RSE) was defined as SE resistant to one first line, and one second line AED, requiring general anesthesia (GA) [15] . If SE recurred days after withdrawal of anesthetic drugs and warranted re-administration of similar drugs, the length of hospital stay included the seizure free days too. The RSE group included children who progressed to RSE after admission to the study centers as well as those who progressed to RSE at presentation. Presumed encephalitis was defined as encephalopathy (depressed or altered level of consciousness) lasting >24 h with fever, and seizures along with one or more than one of the following symptoms: focal neurological deficits, cerebrospinal fluid (CSF) mononuclear pleocytosis, electroencephalogram (EEG) or neuroimaging findings consistent with encephalitis, after excluding systemic infective causes [16] and metabolic etiologies.
Investigations
All children underwent baseline imaging with MRI brain; CSF analysis was done in 58 children. Continuous EEG (cEEG) monitoring was performed in 48 children (including those who progressed to RSE) while short EEG or intermittent EEG recording was performed in the rest of the children. Cerebrospinal fluid for anti N-methyl-Daspartate receptor (NMDAR) antibodies, antibodies against voltagegated potassium channels (VGKC), and antiglutamic acid decarboxylase (GAD) antibodies were done in nine children with RSE.
Treatment
All the children were treated according to established guidelines [17] . The initial treatment included benzodiazepines (lorazepam or midazolam) followed by intravenous AEDs (phenytion, phenobarbitone, sodium valproate or levetiracetam alone or in combination). The first line AED administered was lorazepam (0.1 mg/kg body weight) in 32 children while the rest were administered midazolam (0.2 mg/kg body weight). Sixty nine children were given phenytoin (20 mg/kg body weight) and four children received phenobarbitone (20 mg/kg body weight) as second line AED. Third line AED was Levetiracetam (30 mg/kg body weight) in 17, and sodium valproate (40 mg/kg) in 13 children. Phenobarbitone and Lacosamide (8 mg/kg body weight) were given in nine and four children respectively as the fourth line AED. Six children received oral Topiramate (10 mg/kg body weight) as loading dose followed by maintenance oral topiramate. We limited the use of phenobarbitone and avoided use of frequent doses of benzodiazepines to avoid respiratory depression and subsequent need for ventilatotory care. For intravenous anesthesia thiopental (2 mg/kg body weight as bolus followed by infusion of 1-5 mg/kg/ h) and/or midazolam (0.2 mg/kg as bolus followed by continuous infusion of 0.1-2.0 mg/kg/h) infusion was used. Six children received ketamine (bolus 0.5 mg/kg, 0.4-3 mg/kg/h) with midazolam infusion. Intravenous methyl prednisolone was administered in children who failed to respond to standard AEDs and was of presumed inflammatory/autoimmune etiology. This was tried by day 3-5 of admission in 21 children with RSE and three with CSE. Eight children with RSE received IVIG while five children were given Ketogenic diet. IVIG was administered when there was no evidence of encephalitis on neuroimaging, and seizures were refractory. Whereas, ketogenic diet was tried in children with generalized seizures refractory to more than three AEDs. Ketosis was achieved within 1 week. Appropriate management of the underlying medical/neurological condition was done.
Complications and outcome
Severe sepsis, acute kidney injury and acute hepatic failure were defined according to established guidelines [18] . The immediate outcome in hospital was classified as death or discharge from the hospital. The outcome at 12 months was graded according to the Glasgow outcome scale (GOS) [19] that grades patients' functional status into the following five categories: 1 -death, 2 -persistent vegetative state, 3 -severe disability, 4 -moderate disability and 5 -low disability. Among the remote symptomatic etiology group, three children with findings of gliosis on imaging had premorbid neurological deficit at presentation, however all three children were independent for their age.
Statistical analysis
After testing for the normal distribution of the data, the study population was divided into groups based on progression of SE and outcome. Differences between the groups for continuous variables were analyzed using independent student t-test, accounting for variance amongst group using Levene's test for equality of variance. Categorical variables were analyzed using chi-square test. A p 0.05 was considered significant. Association between variables for progression to RSE and outcome was done using odds ratio. Mortality of the group was analyzed using survival analysis to evaluate median survival time; whereas life tables were utilized to analyze chronological order of deaths at intervals of every 3 days. Statistical Package for Social Sciences (SPSS, ver. 17.0, IBM computers, New York, USA) was used for all statistical analysis.
Results
Among a total of 323 patients with CSE admitted at both the centers during the study period 79 were children aged !2 and 12 years, of which six children were lost for follow up; 73 children formed the study population for data analysis. The mean age of the study population was 6.37 AE 2.97 years and 29 (39.7%) were women. While 39 (53.4%) patients required mechanical ventilation, 33 (45.2%) children progressed to RSE. There were no differences between the groups for gender distribution and age (Table 1) .
Etiology
The most common etiology in the current study population was acute symptomatic etiology, reported in 44 (60.3%) children with SE (Table 1) . Infections of the CNS were the most common cause (n = 37; 88.1%) of acute symptomatic etiology. While, 30 children had presumed encephalitis, Herpes simplex Virus (HSV) encephalitis was diagnosed in four. The MRI brain showed cortical hyper intensities in 14 (including four children with HSV) and was normal in the rest of the CNS infections cohort. Status epilepticus was due to gliosis in 11, solitary neurocysticercosis in three, cavernoma in two, leukoencephalopathy in two, focal cerebral calcification in one, and CNS tuberculosis in one child. Focal cortical dysplasia was the etiology of SE in four children. Two children had SE due to autoimmune encephalitis (anti-NMDAR antibody encephalitis). Seventeen (23.3%) children had past history of epilepsy; while the etiology could not be ascertained in six (8.2%) children and grouped under cryptogenic SE. Burst suppression could be achieved during cEEG monitoring in 32 children with IV anesthetic drugs.
Children with acute symptomatic etiology were more likely to progress to RSE than those with other etiologies (72.7% vs. 50.0%; p = 0.050) at an odds-ratio of 2.6 times (OR 2.62; CI -95%; 0.99-7.14; p = 0.041). Children with past history of epilepsy were less likely to progress to RSE (12.1% vs. 32.5%; p = 0.053). There were no differences between the groups of CSE for remote symptomatic and cryptogenic etiology.
Clinical course
The mean duration of stay in the neuro intensive care unit (NICU) was 9.84 AE 15.8 days. Children who progressed to RSE had significantly longer duration of stay in NICU (17. 
Outcome
Children who did not progress to RSE had a significantly lower median survival time (3.53 AE 0.64 vs. 22.89 AE 4.98 days; p < 0.001). Among the children who do not progress to RSE, all the deaths occurred in the first 3 weeks, Fig. 1 . Ten (13.7%) children died. Etiology and demographic characteristics were not different between those who died and alive. All the children who died required mechanical Abbreviations: RSE -refractory status epilepticus; NRSE -non refractory status epilepticus. Table 2 .
After the use of methyl prednisolone in 21 children with RSE, 13 (61.9%) had significant reduction in seizure frequency. In the eight children where IVIG was administered, good response was noted in three children with cessation of seizure within 5 days of completion of treatment. In five children where ketogenic diet was tried, ketosis was achieved within 1 week in four. Where, two children had significant reduction, and one child had no significant change in seizure frequency. Amongst the 63 surviving children followed for 1 year and more from discharge, 13 (20.6%) where either restricted to bed (GOS 3) or in vegetative state (GOS 2). Progression to RSE increased the odds of disability by seven times (OR 7.08; CI -95%; 1.71-29.31; p = 0.004). The remaining 50 children were independent for activities of daily living (GOS 5) or least dependent (GOS 4). The differences between surviving children based on disability is summarized in Table 3 .
Discussion
The current study done in children with CSE from a developing country reports that unlike existing literature from developed nations, acute symptomatic etiology is not only a major cause of CSE in older children; it also increased the odds of progressing to RSE. It was interesting to note that none of the other acute CNS infections like cerebral malaria or CNS dengue infection were etiology for status epilepticus in our cohort as compared to studies from Africa. Furthermore, RSE in children is significantly associated with disability where one-fifth of the surviving children were severely disabled at 1 year from discharge.
Status epilepticus in children has lower mortality rates than adults. However, the long term morbidity is higher in children who progress to RSE. Literature reviews done on epidemiology of CSE [2] suggest that incidence of SE in developing countries may be higher than rest of the world due to factors like limited resources and higher incidence of infections [6, 10] . In the current study, we report higher incidence of infections of CNS particularly in children with acute symptomatic etiology and CSE. Consistent with previous reports on SE in children [10] , we report that acute symptomatic etiology is more prevalent in children who progress to RSE. Lambrechtsen and Buchhalter reported high incidence of acute symptomatic etiology only in children less than 1 year of age and attributed susceptibility of immature brain in these children prone for infections [10] . However, in the current study we demonstrate that acute symptomatic etiology was the leading cause of CSE in children aged 2 years and above also.
More than 45% of children in the current study have progressed to RSE, which is slightly higher than previously reported [10] . Our study shows that clinical course varies between children who progress to RSE and those who do not. This is probably because of our findings that progression to RSE increases the chances of complications like severe sepsis and acidosis. Children with RSE had significantly prolonged length of stay in hospital; encouragingly more than 85% of them survived. In the current study nearly one-fifth children who recovered from RSE were disabled at 1 year follow up, similar to those reported in larger studies with longer follow-up [10] .
The mortality of 13.7% reported in the current study is higher than that reported in earlier studies done predominantly in western population [1, 9, 10, 20] . The above reported findings of clinical course and outcome may be due to fact that in developing countries, children referred to tertiary centers present very severe illness, long lasting seizures where initial management strategies tried at primary and secondary health care centers have failed, thus decreasing the chance of favorable outcome. Secondly, incidence of acute symptomatic etiology in our study is more than double than that reported in previous studies [10, 20] . It is well known that acute symptomatic etiology is associated with higher mortality [21, 22] . Probably, a combination of the above two reasons may have influenced our findings of early mortality in children who did not progress to RSE. Similarly, irrespective of progression to RSE, children who died had longer duration in NICU, this may be explained by our findings of high incidence of severe sepsis and acidosis in children who died. These complications of mechanical ventilation may have prolonged the length of stay in NICU. However, further research is warranted. Table 3 Comparison between groups based on disability (n = 63). 
Strengths and limitations
Our study is one of the larger series of CSE in older children from a developing country, and reflects existing clinical practice. Given the limitations of microbiological back up, prohibitive costs for Viral PCR testing and limited yield of these test results are major drawbacks to establish a confirmed diagnosis of Encephalitis. Hence presumed encepahlitis term is being used as suggested, except in patients where there is confirmed diagnoses. Our analysis may have been under powered to detect few associations in individual groups. There may be variations of treatment among subjects as ours is a retrospective study, however this may not influence the results, and in hospital mortality was analyzed irrespective of treatment strategy used. We could not ascertain the exact of duration of SE prior to admission, as delay in initiation of treatment in SE may influence the duration, and outcome of SE. Our study included univariate analysis with multiple comparisons with a potential for inherent errors, however the findings seem to be clinically plausible.
Conclusion
Acute symptomatic etiology is a major cause of CSE among older children in developing country. Acute symptomatic etiology also increased the odds of progressing to RSE. Despite aggressive management, the risk of death or severe disability associated with CSE in children is significant (nearly one-thirds). RSE was significantly associated with disability at 1 year from discharge.
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